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Abstract
In the research group we are working to provide further em-
SLULFDOHYLGHQFHRQWKHEXVLQHVVIDLOXUHIRUHFDVW&RPSOH[ÀW-
ting modelling; the study of variables such as the audit impact 
on business failure; the treatment of traditional variables and 
ratios have led us to determine a starting point based on a ref-
erence mathematical model. In this regard, we have restricted 
WKHÀHOGRI VWXG\ WRQRQÀQDQFLDOJDOLFLDQ60(V LQRUGHU WR
develop a model1 to diagnose and forecast business failure. We 
KDYHGHYHORSHGPRGHOVEDVHGRQ UHOHYDQWÀQDQFLDOYDULDEOHV
IURPWKHSHUVSHFWLYHRIWKHÀQDQFLDOORJLFYROWDJHDQGÀQDQ-
cial failure, applying three methods of analysis: discriminant, 
logit and multivariate linear. )LQDOO\ZHKDYHFORVHGWKHÀUVW
cycle using mathematical programming –DEA or Data Envel-
opment Analysis– to support the failure forecast. The simulta-
neous use of models was intended to compare their respective 
conclusions and to look for inter-relations. We can say that the 
resulting models are satisfactory on the basis of their capacity 
IRUSUHGLFWLRQ1HYHUWKHOHVV'($FRQWDLQVVLJQLÀFDQWSRLQWV
of criticism regarding its applicability to business failure.
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DEA como herramienta en el pronóstico del fallo empresarial. Aplicación al 
caso de las Pyme gallegas
Resumen
Este grupo de investigación busca aportar mayor evidencia del pronóstico del fracaso em-
presarial. La construcción de modelos de ajuste complejos, el estudio de variables tales 
como el impacto de la auditoría en el pronóstico del fracaso, así como el tratamiento de 
variables y ratios clásicas nos lleva a determinar un punto de partida mediante la construc-
ción de un modelo matemático que sirva de referencia. En este sentido, hemos reducido el 
iPELWRGHHVWXGLRD3\PHQRÀQDQFLHUDVJDOOHJDVFRQHOÀQGHGHVDUUROODUXQPRGHORTXH
permita diagnosticar y pronosticar el fracaso empresarial. Hemos desarrollado los modelos 
FRQEDVHHQYDULDEOHVÀQDQFLHUDVUHOHYDQWHVGHVGHODySWLFDGHODOyJLFDÀQDQFLHUDODWHQ-
VLyQ\HOIUDFDVRÀQDQFLHURDSOLFDQGRWUHVPHWRGRORJtDVGHDQiOLVLVGLVFULPLQDQWHORJLW\
lineal multivariante. Por último, hemos cerrado el primer ciclo, utilizando la programación 
matemática DEA (Data Envelopment AnalysisFRQHOÀQGHIXQGDPHQWDUODGHWHUPLQDFLyQ
del fracaso.  El uso simultáneo de los modelos se explica por la voluntad de comparar 
sus respectivas conclusiones y buscar elementos de complementariedad. La capacidad de 
SURQyVWLFRORJUDGDQRVSHUPLWHDÀUPDUTXHORVPRGHORVREWHQLGRVVRQVDWLVIDFWRULRV1R
REVWDQWHHO'($SUHVHQWDGHWHUPLQDGRVSXQWRVFUtWLFRVVLJQLÀFDWLYRVHQFXDQWRDVXDSOL-
cabilidad al pronóstico del fallo empresarial.
Palabra clave: investigación operativa DEA, fracaso empresarial, pronóstico.
Introduction
Business failure in its different manifestations –bankruptcy, temporary insolven-
FLHVEDQNUXSWF\SURFHHGLQJVPHUJHUVDQGVSLQRIIV² LVD UHFXUUHQW WRSLF LQ À-
nancial literature for its theoretical importance and for its serious consequences 
IRU  HFRQRPLF DFWLYLW\:H DUH FXUUHQWO\ VHHLQJ DQ LQH[SOLFDEOH ÁXFWXDWLRQ DQG
lack of control in the national risk premium, which seems to be explained by the 
so-called insolvency of the analysed country. This prospect is sometimes promo-
ted by particular elements in the market that often have a speculative nature and 
others by the incorrect rating of the “rating agencies,” which are suspected to be 
biased and even completely incompetent, as well as in total cohabitation with the 
economic centres of decision. The mathematical models developed to this day are 
able to show the difference between failed and non-failed companies. The capacity 
to forecast  business failure is important from the point of view of shareholders, 
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creditors, employees, etc. Direct costs associated with business failure in the ju-
dicial environment represent an average 5% of the company’s book value. Also, 
LQGLUHFWFRVWVFRQQHFWHGZLWK ORVVRIVDOHVDQGSURÀWV WKHJURZWKRIcredit cost 
(risk premium), the impossibility to issue new shares and the loss of investment 
opportunities increase that cost to nearly 30%.2 Therefore, it is important to detect 
WKHSRVVLELOLW\RILQVROYHQF\LQLWVÀUVWVWDJHV
7KH ÀUVW FRQWULEXWLRQV GDWH EDFN WR%HDYHU $OWPDQ  DQG2KOVRQ
(1980), who examined different methodological alternatives to the development of 
explanatory and forecast models for these events. The most traditional approach 
has been enriched with the development of alternative models, more reliable and 
less dependent on methodological, determining factors; among them, we can hi-
ghlight the logit and the probit analyses; the recursive portioning techniques and 
VHYHUDOFKDUDFWHULVWLFIRUPVRIDUWLÀFLDOLQWHOOLJHQFH²ERWKH[SHUWV\VWHPVDQGQH-
WZRUNVRIDUWLÀFLDOEUDLQFHOOVDVZHOODVVXSSRUWYHFWRUPDFKLQHV7KHFRPSOH[
DQGXQVWUXFWXUHGQDWXUHRI WKHDQDO\VLVDOVR MXVWLÀHV WKHDSSOLFDWLRQRIKHXULVWLF
methods such as computer-assisted techniques of social decision and, of course, 
fuzzy logic models.
Business failure
The research of business failure in its different manifestations –bankruptcy, tem-
porary insolvencies, bankruptcy proceedings, mergers and spin-offs– is a recurrent 
WRSLFLQÀQDQFLDOOLWHUDWXUHIRULWVWKHRUHWLFDOLPSRUWDQFHDQGIRULWVVHULRXVFRQ-
sequences for the economic activity. Several alternative methodologies have been 
GLVFXVVHGRQWKHEDVLVRIWKHÀUVWFRQWULEXWLRQVRI%HDYHU$OWPDQ
DQG2KOVRQLQRUGHUWRGHYHORSH[SODQDWRU\DQGSUHGLFWLYHPRGHOVIRUWKHVH
events. The most traditional approach, materialised in the initial studies by Altman 
$OWPDQ$OWPDQet al., 1977; Altman, 2000; Altman et al., 2010), has been 
enriched with the development of alternative models, perhaps more reliable and 
less dependent on methodological, determining factors; among them, we can high-
OLJKW WKH ORJLW DQG WKH SURELW DQDO\VHV 0DUWLQ 2KOVRQ =PLMHZVNL
1984); the recursive portioning techniques (Frydman et al., 1985) and several char-
DFWHULVWLFIRUPVRIDUWLÀFLDOLQWHOOLJHQFH²ERWKH[SHUWV\VWHPVDQGQHWZRUNVRIDUWL-
ÀFLDOEUDLQFHOOV0HVVLHUDQG+DQVHQ%HOOet al., 1990; Hansen and Messier, 
2Warner (1977)
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1991; Serrano and Martín del Brio, 1993; Koh and Tan, 1999; Brockett et al., 
as well as support vector machines (Shin et al., 2005; Härdle et al., 2005). The 
FRPSOH[DQGXQVWUXFWXUHGQDWXUHRI WKHDQDO\VLVDOVR MXVWLÀHV WKHDSSOLFDWLRQRI
heuristic methods such as computer-assisted techniques of social decision (level-3 
GDSS, for example Sun and Li, 2009) and, of course, fuzzy logic models (Dubois 
DQG3UDGH6ORZLQVNLDQG=RSRXQLGLV0F.HHDQG/HQVEHUJ
7KHÀUVW IRUPDO VWXG\RI WKHEXVLQHVV IDLOXUHEDVHGRQH[SODQDWRU\PRGHOVZDV
SHUIRUPHGE\%HDYHUZKRDQDO\VHGWKHSKHQRPHQRQZLWKWKHKHOSRIWKH
ÀQDQFLDOORJLFDQGWKHLQIRUPDWLRQSURYLGHGE\WKHÀQDQFLDOVWDWHPHQWV%HDYHU·V
DSSURDFKSURYLGHVDQH[SDQGHGYLVLRQRIWKHEXVLQHVVIDLOXUHFRQFHSWSHU-
IHFWO\FRQVLVWHQWZLWKWKHPRGHUQÀQDQFLDODSSURDFKDOWKRXJKVXIIHULQJIURPWKH
inherent limitations of his statistical methodology. 
$OWPDQ LV WKH UHIHUHQFHDQWHFHGHQW LQ WKHDSSOLFDWLRQRI WKHPXOWLYDULDWH
approach to the business failure issue: he suggested the development of discrimi-
QDQWPRGHOVWKDWDSDUWIURPWKHSURSHUFODVVLÀFDWLRQFRXOGEHFRPHGHIDFWRVWDQ-
dards and contribute to enhancing the objectivity of the solvency analysis. Howe-
ver, the implementation of MDA is conditioned by its scenario, particularly, by the 
requirement that factors should be distributed in accordance with a normal model 
²VRPHWKLQJWKDWDVLVNQRZQLVDWOHDVWDUJXDEOHLQWKHFDVHRIÀQDQFLDOUDWLRV²DQG
by the fact that the (failed and solvent) subpopulations should be homoscedastic. 
'XHWRLWVPDWKHPDWLFDODSSURDFKWKHGLVFULPLQDQWPRGHOVGRQRWSURYLGHVSHFLÀF
information to determine the causes and internal structure of the failed event, even 
when they [are] re-estimated for several time windows (De Llano et al., 2010, 
2011abc).
2KOVRQ  XVHG WKH ORJLW DSSURDFK ZKLFK ZDV RULJLQDOO\ XVHG E\ 0DUWLQ
WRDVVHVVWKHVROYHQF\RIÀQDQFLDOHQWLWLHVDQGJHQHUDOLVHGLWIRUDPRUHJH-
QHUDOFDVHWKHQRQÀQDQFLDOFRPSDQLHV+HLPSURYHV0DUWLQ·VRULJLQDODSSURDFK
(1977) thanks to a theory that estimates the probability of failure in an industrial 
FRPSDQ\RQWKHEDVLVRIIRXUEDVLFDWWULEXWHVGLPHQVLRQÀQDQFLDOVWUXFWXUHÀQDQ-
cial performance and liquidity. Beyond the methods, the logit approach is in line 
with the idea that business failure is not a dichotomous event, as Altman’s MDA 
approach showed, but a complex gradable phenomenon. That is precisely why a 
FRPSUHKHQVLYHFODVVLÀFDWLRQPD\EHOHVVUHOHYDQWDQGVLJQLÀFDQWWKDQWKHPHDVX-
UHPHQWRIWKHOLNHOLKRRGWKDWDFRPSDQ\ZLOOIDLOLUUHVSHFWLYHRIWKHVSHFLÀFDWLRQ
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chosen for this dependent variable. Altogether, logit models have proved to be at 
OHDVWDVHIÀFLHQWDV0'$)LQDOO\2KOVRQFRQÀUPHGWKDWFRPELQLQJSXUHO\
DFFRXQWLQJLQIRUPDWLRQZLWKH[WHUQDODQGPDUNHW LQGLFDWRUVDOORZVIRUDVLJQLÀ-
cant improvement of the explanatory and predictive capacity of models, as well 
DVSURYLGLQJWKHÀUVWLQGLFDWLRQVWKDWÀQDQFLDOO\GLVWUHVVHGFRPSDQLHVWHQGWRJHW
involved in formal irregularities (such as delays in annual account deposits or the 
DFFXPXODWLRQRITXDOLÀFDWLRQVDQGPLQLPLVHWKHÁRZRILQIRUPDWLRQHYHQEH\RQG
the legally required standards (Piñeiro et al., 2011).
The development and validation of these models have provided valuable evidence, 
QRWRQO\WREHWWHUXQGHUVWDQGWKHFDXVHVDQGHYROXWLRQRIWKHÀQDQFLDODQGVWUXFWXUDO
processes that lead to failure but also to identify key variables and indicators that 
GLUHFWRUVDQGH[WHUQDOXVHUVVKRXOGFRQWUROLQRUGHUWRLQIHUWKHH[LVWHQFHRIÀQDQ-
cial dysfunctions and forecast possible default or insolvency events. Here we must 
KLJKOLJKWDVPDOOQXPEHURIÀQDQFLDOUDWLRVUHODWHGWROLTXLGLW\SURÀWDELOLW\DQGWKH
circulation of current assets and liabilities (Rodríguez et al., 2010), and also macro-
economic factors (Rose et al., 1982), proxies related to management quality (Peel et 
al., .HDVH\DQG:DWVRQDQGTXDOLWDWLYHLQGLFDWRUVUHODWHGWRWKHDXGLW
of accounts (Piñeiro et al., 2011).
It is precisely because of the failure events that the design and contrast of em-
SLULFDOPRGHOV WHQGWRHPSKDVLVHWKHLUFDSDFLW\WRLGHQWLI\ÀQDQFLDOO\GLVWUHVVHG
companies. Therefore, the validation seems to have been aimed at enhancing the 
capacity to prevent type II errors (to wrongly assume that a faltering and potentia-
OO\IDLOHGFRPSDQ\LVÀQDQFLDOO\KHDOWK\$VWLOOXQVROYHGTXHVWLRQUHIHUVWRWKH
precise study of false positives LH WKHVWXG\RIVROYHQWFRPSDQLHVFODVVLÀHGDV
SRWHQWLDOO\IDLOHG2KOVRQGUDZVDWWHQWLRQWRWKHDEQRUPDOO\ORZHUURUUDWHV
observed in earlier studies (especially in Altman’s MDA models), as later research 
has shown divergences that are not explained in the type I and type II (de Llano et 
al., 2010). Due to reasons that may be rooted in the sampling or the method itself, 
models seem to achieve outstanding results among failed companies unlike the 
solvent companies, suggesting that they tend to overestimate the probability of 
IDLOXUHWKHUDWHRIKHDOWK\FRPSDQLHVTXDOLÀHGDVSRWHQWLDOO\IDLOHGLVVLJQLÀFDQWO\
KLJKDWOHDVWZKHQFRPSDUHGWRWKHW\SH,HUURUUDWH2XUH[SHULHQFHVKRZVWKDW
WKHVHELDVHGRSLQLRQVDUHFRQFHQWUDWHGLQFRPSDQLHVWKDWVKDUHVSHFLÀFÀQDQFLDO
FKDUDFWHULVWLFVEHFDXVHRIIRUH[DPSOHWKHQDWXUHRIWKHLUDFWLYLW\ÀQDQFLDODQG
ownership structure, or the temporal asymmetries in their income generation pace. 
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This issue is closely connected to the initial calibration of the model as well as 
WKHODWHUDQDO\VLVRILWVFRHIÀFLHQWV0R\HU$OWPDQ%XWEHVLGHVLWV
VWDWLVWLFDOUHOHYDQFHDW\SH,HUURUKDVDQHQRUPRXVSUDFWLFDOVLJQLÀFDQFHIRUWKH
FRPSDQ\DVLWXQGHUPLQHVOHQGHUV·DQGPDUNHWFRQÀGHQFHDQGLWPD\DOVRXQGHU-
PLQHWKHFRPSDQ\·VÀQDQFLDOVWDQGLQJGULYLQJLWWRDQHYHQWXDOLQVROYHQF\ZKLFK
otherwise would not have happened.
In recent years a number of models based on the Data Envelopment Analysis 
(DEA) have been developed to forecast business failures and compare these re-
VXOWVZLWKWKRVHDFKLHYHGWKURXJKRWKHUWHFKQLTXHVVXFKDVWKH=6FRUH$OWPDQ
RU WKH/2*,72OVKRQ7KHORJLVWLFUHJUHVVLRQWHFKQLTXHXVHVWKHFXWRIISRLQW
RIIRUWKHFODVVLÀFDWLRQSRWHQWLDOIDLOXUHSUREDELOLW\FXWRIISRLQWWRUDWHWKH
cases). In terms of probability, this means that the companies who are over the 
cut-off point are solvent and the ones who are not are insolvent. As Premachandra3 
SRLQWHGRXWWKH/2*,7FXWRIISRLQWRILVQRWDSSURSULDWHIRUWKHFODVVLÀFDWLRQ
RIERWKIDLOHGDQGQRQIDLOHGFRPSDQLHVZKHQXVLQJWKH'($HIÀFLHQF\DQDO\VLV
+HVDLGWKDWHIÀFLHQF\VFRUHVLQ'($DQDO\VHVFDQEHWRRVODQWHVSHFLDOO\ZKHQ
XVLQJVXSHUHIÀFLHQW'($PRGHOV7KHUHIRUHLIZHXVHWKH'($DQDO\VLVDVDWRRO
to forecast business failure, we should use an adjusted discriminant analysis or an 
evaluating function, establishing values between 0.1 and 0.9 for the cut-off point. 
There are many studies in the literature where the logistic regression –or probit– is 
XVHG WR IRUHFDVWEXVLQHVV IDLOXUHV7KH\DUHPHWKRGVEDVHGRQVHSDUDWLQJ WKHÀW
sample from the contrast sample. 
Data Envelopment Analysis (DEA)
Data Envelopment Analysis (DEA),4 5  called frontier analysis, is one of the li-
near programming applications. This is a mathematical programming technique 
to measure the performance of groups of economic or social structures within the 
VDPH LQGXVWU\VHFWRU'($SXUSRVH LV WRPHDVXUH WKHHIÀFLHQF\RIHDFKRUJDQL-
sational unit by translating the available data into multiple results explaining its 
HIÀFLHQF\WKHGHJUHHRILQSXWHIÀFLHQF\'XHWRWKHKLJKQXPEHURIUHOHYDQWYD-
ULDEOHVLWLVGLIÀFXOWIRUWKHPDQDJHUWRGHWHUPLQHZKLFKFRPSRQHQWVRIWKHRUJD-
QLVDWLRQDUHDFWXDOO\HIÀFLHQW(IÀFLHQF\ZLOOEHGHWHUPLQHGE\WKHUDWLREHWZHHQ
3Premachandra et al.  (2009).
4Charnes, Cooper and Rhodes (1978).
5De Llano and Piñeiro (2011): 221-225.
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the monetary value of the output (ur) and the monetary value of the input (vi):
'HÀQHG LQ WKLVPDQQHU HIÀFLHQF\ H[SUHVVHV WKH
FRQYHUVLRQUDWLRRILQSXWVWRRXWSXWV7KHFORVHUWKHFRHIÀFLHQWLVWRWKHKLJKHU
WKHGHJUHHRIHIÀFLHQF\ZLOOEHIRUWKHRUJDQLVDWLRQDVVHVVHG2QHOLPLWDWLRQRIWKLV
HIÀFLHQF\PHDVXUHPHQWV\VWHPLVWKDWSULFHVPXVWEHLGHQWLFDORWKHUZLVHWKHFRP-
SDULVRQFDQQRWEHFRQVLGHUHGWREHIDLU7KHHIÀFLHQF\YDOXHVIRUHDFKDQDO\VHG
element must be between 0 and 1. The construction of the mathematical program-
PLQJPRGHOUHTXLUHVWRGHÀQHWKHREMHFWLYHIXQFWLRQZKLFKZLOOEHWKHUHVXOWRI
PD[LPLVLQJWKHWRWDOYDOXHRIWKHÀQDOSURGXFWV  The model 
only generates one restriction, where outputs are equal to the inputs for all the 
companies analysed  . It appears that we are being taken away 
IURPWKHÀQDQFLDOWDUJHWRIKDYLQJDQHIÀFLHQWFRPSDQ\LIWKHYDOXHRILWV2XWSXWV
(u
r
) is higher than the value of its Inputs (v
i
). What we are trying to determine is the 
YDOXHWKDWPDNHVWKHFRPSDQ\( HIÀFLHQW&RQVHTXHQWO\WKHFRPSDQ\WKDWLV
QRWHIÀFLHQWZLOOKDYHDORZHUYDOXH(1RWZLWKVWDQGLQJWKHWULYLDOLQWHUSUHWD-
tion of “how can it be possible that the output is lower than the input?” it is clear 
that  
 
does not work for us as it means that  , which in PL terms is the 
same as saying that  . The solution algorithm aims to wear out the limits 
of restrictions, therefore, to cancel h. In this case, the associated shadow price will 
(most likely) be positive. We also know that this means that if it was possible to in-
crease the corresponding input available by one unit we would be able to increase 
the output volume by one unit too. Thus:
 It makes sense to demand  because it is coherent with the logic of the 
PL model regarding minimising the surpluses, which in this case means 
DQ LQDFWLYH SURGXFWLRQ FDSDFLW\ DVVRFLDWHG WR JRRG ÀQDQFLDO VWDQGLQJV
This idea implied in the investment models: performed projects equal to 
UHVRXUFHV DYDLODEOH DQG WKH JRRG ÀQDQFLDO VWDQGLQJ UHÁHFWLQJ LQDFWLYH
funding –which we will try to minimise.
 7KH LGHDO PD[LPXP ZRXOG EH DFKLHYHG ZKHQ DOO WKH JRRG ÀQDQFLDO
standings were cancelled, which would mean to maximise the use of the 
Charnes, Cooper and Rhodes (1978).
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UHVRXUFHV7KLVSURGXFWLRQXQLWLHWKLVFRPSDQ\ZRXOGEHWKHHIÀFLHQF\
paradigm and would be standing in that imaginary frontier resulting from 
the model.
 In terms of duality, this ideal maximum allows us to evaluate the mixture and 
the degree of use of the resources, assigning them a price. It is interesting to 
observe that, the way they are now, these optimal conditions are a similar 
concept to the theoretical relation of balance between the revenues and the 
marginal costs –the marginal cost is that one caused by the increase of the 
limit of restriction while the marginal income is the increase of the output, 
precisely, the shadow price. Again, the maximum refers to I’ = C’, i.e. to 
output = input.
,Q%DUU6HLIRUGDQG6LHPVUHOHDVHGDWRROWRPHDVXUHWKHPDQDJHULDOHIÀFLHQ-
F\RIEDQNVEDVHGRQÀQDQFLDODQGDFFRXQWLQJLQIRUPDWLRQ7KHPRGHOXVHGEDQNV·
HVVHQWLDOIXQFWLRQVRIÀQDQFLDOLQWHUPHGLDWLRQWRGHWHUPLQHDWRROWRPHDVXUHWKHLU
productivity. The traditional way to measure productivity is the ratio of the multi-
ple outputs and inputs.
We use the term DMUs for Decision Making Units. Perhaps we should try to turn 
it into a worldlier term and talk about the elements we wish to compare: Depart-
ments; Companies; Transportation; Communications; etcetera, or any other ele-
ment/unit we wish to compare to another or others of its peers. Thus, if we consider 
that we have m inputs and s outputs, the DMU will explain the given transfor-
mation of the input m in the output s DVDPHDVXUHRISURGXFWLYLW\ HIÀFLHQF\
The literature about investments has been focused on the study of models with 
measurable variables. That’s why in the last decades we found a few new models 
covering the need for including all those variables that take part in the decision 
making process regarding investments but that are not  being considered because 
of their intangible nature.
7URXWW  LQWURGXFHGD WHFKQLFDOQRWHEDVHGXSRQWKUHHDVVXPSWLRQVPRQR-
tonicity of all variables, convexity of the acceptable set and no Type II errors (no 
IDOVHQHJDWLYHV7KH\XVHDQHIÀFLHQWIURQWLHUWKDWLVFRPPRQO\XVHGLQYDULRXVÀ-
QDQFLDOÀHOGV(VVHQWLDOO\'($FDQEHXVHGMXVWWRDFFHSWRUUHMHFWV\VWHPVDVORQJ
as all the variables are conditionally monotone and the acceptable set is convex.
5HW]ODII5REHUWV  VWUHVVHV WZR VHHPLQJO\ XQUHODWHG WHFKQLTXHV'($DQG
DA (Discriminant Analysis). She points out that DEA is a model to evaluate rela-
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WLYHHIÀFLHQFLHVZKHQHYHUWKHUHOHYDQWYDULDEOHVDUHPHDVXUDEOH2QWKHFRQWUDU\
the discriminant analysis is a forecast model such as in the business failure case. 
%RWKPHWKRGV'($²'$DLPDWPDNLQJFODVVLÀFDWLRQVLQRXUFDVHRIIDLOHGDQG
healthy companies) by specifying the set of factors or weights that determines a 
particular group membership relative to a “threshold” (frontier).
6LQXDQ\6WHUQSURYLGHVDQHIÀFLHQF\DQGLQHIÀFLHQF\PRGHOEDVHGRQWKH
optimisation of the common weights through DEA, on the same scale. This me-
thod, Discriminant DEA of Ratios, allows us to rank all the units on a particular 
XQLÀHGVFDOH6KHZLOOODWHUUHYLHZWKH'($PHWKRGRORJ\DORQJZLWK$GOHU
introducing a set of subgroups of models provided by several researchers, and ai-
PHGDWWHVWLQJWKHUDQNLQJFDSDFLW\RIWKH'($PRGHOLQWKHGHWHUPLQDWLRQRIHIÀ-
FLHQF\DQGLQHIÀFLHQF\RQWKHEDVLVRIWKH'08V,QWKHVDPHZD\&RRN
summarises 30 years of DEA history. In particular, they focus on the models me-
DVXULQJ HIÀFLHQF\ WKH DSSURDFKHV WR LQFRUSRUDWHPXOWLSOLHU UHVWULFWLRQV FHUWDLQ
considerations with respect to the state of variables and data variation modelling.
Moreover, Chen (2003) models an alternative to eliminate non-zero slacks while 
SUHVHUYLQJWKHRULJLQDOHIÀFLHQWIURQWLHU
There have been many contributions in recent years, of which we can highlight 
Sueyoshi (2009), who used the DEA-DA model to compare Japanese machinery 
DQGHOHFWULFLQGXVWULHV5	'H[SHQGLWXUHDQGLWVLPSDFWLQWKHÀQDQFLDOVWUXFWXUH
of both industries. Premachandra (2009) compares DEA, as a business failure pre-
diction tool, to logistic regression. Liu (2009), with regards to the existing search 
IRUWKH´JRRGµHIÀFLHQWIURQWLHUWULHVWRGHWHUPLQHWKHPRVWXQIDYRXUDEOHVFHQDULR
LHWKHZRUVWHIÀFLHQWIURQWLHUZLWKUHVSHFWWRIDLOHGFRPSDQLHVZKHUHUDQNLQJWKH
ZRUVWSHUIRUPHUV LQ WHUPVRIHIÀFLHQF\ LV WKHZRUVWFDVHRI WKHVFHQDULRDQDO\-
sed. Sueyoshi and Goto (2009a) compare the DEA and DEA-DA methods from 
WKHSHUVSHFWLYHRI WKHÀQDQFLDO IDLOXUHIRUHFDVW6XH\RVKLDQG*RWREXVH
'($'$WRGHWHUPLQHWKHFODVVLÀFDWLRQHUURURIIDLOHGFRPSDQLHVLQWKH-DSDQHVH
FRQVWUXFWLRQLQGXVWU\6XH\RVKLDQDO\VHVWKHFDSDFLW\RIWKHFODVVLÀFDWLRQ
by combining DEA and DEA-DA, as in (2011a) on the Japanese electric industry. 
Finally, Chen (2012) extends the application of DEA to two-stage network structu-
UHVDV6KHWW\SURSRVHVDPRGLÀHG'($PRGHOWRIRUHFDVWEXVLQHVVIDLOXUH
in Information Technology and IT Enabled Services companies (IT/ITES) in India.
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Thirty years of DEA
It has been thirty years since Charnes, Cooper and Rhodes released their model to 
PHDVXUHHIÀFLHQF\LQDPRGHOWKDWLVXVHGWRFRPSDUHHIÀFLHQF\EHWZHHQ
several units, departments, companies and tools. It is a technique that allows us to 
GHWHUPLQHUHODWLYHHIÀFLHQF\DQGWKDWUHTXLUHVWRKDYHTXDQWLWDWLYHFDSDFLW\LQSXWV
at their price, outputs at their price. 
In 2009, Cook and Seinford released an article containing the evolution of DEA 
from 1978 to 2008, as just a DEA evolution overview and its state of the art. Re-
garding business failure, the really important thing is the union of DEA with the 
DA phenomenology; DEA adversus DEA-DA. Before discussing the modelling 
DQGUHVXOWVZHVKRXOGQRWHWKDW'($LVMXVWXVHGWRGHWHUPLQHUHODWLYHHIÀFLHQF\
Therefore, it is not an instrument that can be used to classify “in or out of,” yes/no, 
´EHIRUHRUDIWHUµDV'($PHDVXUHVUHODWLYHHIÀFLHQF\QRWPD[LPXPRURSWLPDO
HIÀFLHQF\GHVSLWHLWVEHLQJEDVHGRQOLQHDUSURJUDPPLQJRSWLPLVDWLRQ
Proposal
In order to contrast the model, we have taken a sample of small and medium size 
galician enterprises, which have been put into two categories: failed and healthy. 
Despite not showing in detail the very different causes why the companies got into 
ÀQDQFLDOWURXEOHVWKHVDPSOHKDVWKHVWUHQJWKRIEHLQJREMHFWLYHDQGJXDUDQWHHLQJ
D FRPSUHKHQVLYH FODVVLÀFDWLRQ IRU DOO WKH FRPSDQLHVZKLFK LV HVVHQWLDO IRU WKH
application of the several analysis methods (MDA, Logit, and DEA). The use of 
PRUHÁH[LEOH FULWHULD LV XQGRXEWHGO\ DQRSWLRQ WR FRQVLGHU WR UHÀQH WKH V\VWHP
VLQFHLWVKRZVPRUHDFFXUDWHO\VSHFLÀFVLWXDWLRQVRILQVROYHQF\VXFKDVWKHUHWXUQ
of stocks. Nevertheless, the special features of these situations bring forward an 
element of subjectivity, as there are several sources of information (RAI, BADEX-
CUG, etc.), not all of them compatible.
:HKDYHKDGDFFHVVWRWKHRIÀFLDODFFRXQWLQJLQIRUPDWLRQRIJDOLFLDQFRP-
SDQLHVEHWZHHQDQG2XWRIWKHPWKUHHKXQGUHGDQGHLJKW\IRXU
DUHLQDVLWXDWLRQRIEDQNUXSWF\RUÀQDOOLTXLGDWLRQWKHUHE\WKHUHDUHOHIWZLWK
valid data. We will focus on these companies –which we will call failed from now 
on– when modelling the failure process and deducing forecast criteria based on 
the accounting information and/or the information provided by the audit report. 
DEA as a business failure prediction tool. Application to the case of galician SMEs
75Contaduría y Administración 59 (2), abril-junio 2014: 65-96
Likewise, we have managed to get 107 healthy companies – galician SMEs that 
in the last years have “always” had an audit report rated as “pass,” and that have 
EHHQXVHGWRGHWHUPLQHWKHPRGHOV/2*,70'$DQGWKHHIÀFLHQF\FRQWUDVW'($. 
Selection of the explanatory variables
The particular problem raised by the election of the forecast variables is a signi-
ÀFDQWLVVXHEHFDXVHRIWKHODFNRIDZHOOHVWDEOLVKHGEXVLQHVVIDLOXUHWKHRU\7KH
consequential use of experimental subgroups means that results cannot be compa-
red either transversely or temporarily. The choice of the explanatory variables has 
EHHQEDVHGRQWZRSULQFLSOHVSRSXODULW\LQWKHDFFRXQWLQJDQGÀQDQFLDOOLWHUDWXUH
DQGIUHTXHQF\DQGVLJQLÀFDQFHOHYHOLQWKHPRVWUHOHYDQWVWXGLHVRQEXVLQHVVIDL-
lure forecast. In all cases, ratios have been calculated on the basis of the indicators 
recorded in the Annual Accounts without introducing adjustments previously ob-
served in the literature, such as marking-to-market or the use of alternative accoun-
ting methods.
Table 1 
Financial ratios
 
Reference R a t i o Financial measure
ACT01 Financial expenses / added value Activity
ACT02 3D\UROOH[SHQVHVÀ[HGDVVHW Activity
ACT03 Payroll expenses + amortisation / add val Activity
ACT04 2SHUDWLQJLQFRPH2SHUDWLQJFRVWV Activity
ACT05 Added value / sales Activity
LEV01 B.a.i.t. / Financial expenses Leverage
LEV02 Financial expenses / Total debt Leverage
LEV03 2SHUDWLQJUHVXOW)LQDQFLDOH[SHQVHV Leverage
LEV04 Net result / total liabilities Leverage
IND01 7RWDOGHEW2ZQIXQGV Indebtedness
IND02 2ZQIXQGV²1HWUHVXOWVKRUWWHUPOLDELOLWLHV Indebtedness
IND03 2ZQIXQGV&RQVROLGDWHGOLDELOLWLHV Indebtedness
IND04 Long-term liabilities / Consolidated liabilities Indebtedness
STR01 Current assets / total assets Structure
STR02 'RW$PRUWLVDWLRQQHWÀ[HGDVVHWV Structure
STR03 Circulating capital / total assets Structure
STR04 Circulating capital / Consolidated liabilities Structure
STR05 Circulating capital / sales Structure
675 Cash in hand / total assets Structure
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Reference R a t i o Financial measure
STR07 Net result / Circulating capital Structure
STR08 Asset decomposition measure Structure
LIQ01 2SHUDWLQJFDVKÁRZWRWDODVVHWV Liquidity
LIQ02 2SHUDWLQJFDVKÁRZ&RQVROLGDWHGOLDELOLWLHV Liquidity
LIQ03 2SHUDWLQJFDVKÁRZVKRUWWHUPOLDELOLWLHV Liquidity
LIQ04 2SHUDWLQJFDVKÁRZVDOHV Liquidity
LIQ05 2SHUDWLQJFDVKÁRZWRWDODVVHWV Liquidity
/,4 2SHUDWLQJFDVKÁRZWRWDOOLDELOLWLHV Liquidity
LIQ07 2SHUDWLQJFDVKÁRZVKRUWWHUPOLDELOLWLHV Liquidity
LIQ08 &DVKÁRZUHVRXUFHVJHQHUDWHGVDOHV Liquidity
LIQ09 Cash in hand / current liabilities Liquidity
LIQ10 Stock / short-term liabilities Liquidity
LIQ11 Stock + realizable / short-term liabilities Liquidity
LIQ12 No credit interval Liquidity
LIQ13 Realizable / short-term liabilities Liquidity
352 B.a.i.t. / total assets 3URÀWDELOLW\
352 B.a.i.t. / sales 3URÀWDELOLW\
352 Net result / sales 3URÀWDELOLW\
352 Net Result-realisable– Stock / total assets 3URÀWDELOLW\
352 Net result / total assets 3URÀWDELOLW\
352 1HWUHVXOW2ZQIXQGV 3URÀWDELOLW\
527 Current assets – Stock / sales Rotation
527 Stock / sales Rotation
527 Sales / Receivables Rotation
527 Sales / Current assets Rotation
527 6DOHVÀ[HGDVVHW Rotation
527 Sales / total assets Rotation
527 Sales / Circulating capital Rotation
527 Sales / Cash in hand Rotation
62/ Current assets–Stock / short-term liabilities Solvency
62/ Current assets / Total debt Solvency
62/ Current assets / current liabilities Solvency
62/ )L[HGDVVHW2ZQIXQGV Solvency
62/ Consolidated liabilities / total assets Solvency
62/ 2ZQIXQGVWRWDODVVHWV Solvency
62/ 2ZQIXQGVÀ[HGDVVHWV Solvency
62/ Short-term liabilities / total assets Solvency
62/ 3URÀWEHIRUHWD[VKRUWWHUPOLDELOLWLHV Solvency
TES01 &DVKÁRZFXUUHQWOLDELOLWLHV Treasury
TES02 Treasury / sales Treasury
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2QWKHEDVLVRIWKHSUHFHGLQJFRQVLGHUDWLRQVWKHUHODWHG0'$05/PRGHOV7 were 
determined with the following results:8
Table 2 
MDA prediction (BD2a may 2010)
Table 3
LOGIT prediction (BD2a may 2010)
7De Llano et al. (2010, 2011a, b, c).
8YB, yb: Year Before the failure: 1YB one year before the failure, 2YB two years before, 3 YB three years before, 
<%IRXU\HDUVEHIRUH*/2%$/IRXU\HDUVDOWRJHWKHU
Forecasts for 
failed s/(H, F)
1yb 2yb 3yb 4yb 5yb 6yb 7yb 8yb 9yb 10yb 11yb
MDA 1 YB 
Forecast
  93.9% 92.3% 91.0% 91.7% 90.7% 89.4% 85.9% 82.0% 80.2%
MDA 2 YB 
Forecast
93.7% 94.0% 92.0% 90.4% 89.8% 91.3%  89.7% 85.8% 87.0% 87.9%
MDA 3 YB 
Forecast
98.1% 98.8% 98.4% 98.1%  100.0%  98.0%  97.5% 
MDA 4 YB 
Forecast
90.7%  85.4% 85.8% 84.0% 83.3%  84.7% 81.0% 85.4% 85.7%
0'$*/2%$/
Forecast
90.3% 84.8% 84.0% 82.8% 82.4% 81.7% 77.2% 79.8%  78.0% 82.4%
Forecasts for failed 
s/(H. F)
1yb 2yb 3yb 4yb 5yb 6yb 7yb 8yb 9yb 10yb 11yb
/2*,7<%
Forecast
81.8% 87.3% 87.9% 87.5% 85.0% 82.4% 84.5%   78.1% 70.0%
/2*,7<%
Forecast
 58.2% 54.5% 54.3%  48.3% 39.3% 42.1% 41.5% 30.2% 31.9%
/2*,7<%
Forecast
 70.8%   57.2%  48.9% 52.0% 48.7% 44.7% 50.0%
/2*,7<%
Forecast
 81.8% 77.1%  75.3% 72.5%  70.9%   
/2*,7*/2%$/
Forecast
         59.9% 
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Table 4
MRL prediction (BD2a may 2010)
The capacity for forecasting business failure featured by any of the above models 
is satisfactory, with the result obtained by the MDA adjustment being the most ac-
ceptable. The linear model appears to have a good prediction capacity but we must 
rule it out because of its inability to classify healthy companies in an acceptable 
manner.
The contrast against the 2011 database, BD2b, resulted in:
Table 5 
MDA/LOGIT prediction (BD2b nov 2011)
Forecasts for 
failed s/(H, F)
1yb 2yb 3yb 4yb 5yb 6yb 7yb 8yb 9yb 10yb 11yb
MRL 1 YB 
Forecast
85.0% 95.8%  98.8% 98.4%  99.5% 99.5% 100.0% 98.8% 98.9%
MRL 2 YB 
Forecast
75.5% 89.3% 93.5% 93.5% 94.1% 91.3% 94.4% 94.4%  94.4% 
MRL 3 YB 
Forecast
81.8% 93.4%  97.7% 97.2% 97.0%  98.5% 97.8% 97.5% 98.9%
MRL 4 YB 
Forecast
71.8%  88.0% 88.0% 87.9% 87.1% 90.5% 89.9% 90.4% 89.9% 85.7%
05/*/2%$/
Forecast
 95.9% 97.3% 98.4% 97.7% 97.5% 98.1% 98.5% 98.4%  100.0%
Failed in % 1yb 2yb 3yb 4yb 5yb 6yb 7yb 8yb 9yb 10yb 11yb
MDA 1YB 98% 97% 94% 90% 92% 91% 92% 89% 89% 84% 84%
MDA 2YB 94% 95% 91% 87% 91% 90% 89% 90% 88% 87% 87%
MDA 3YB 99% 99% 98%  97% 99% 97% 98% 97% 97% 98%
MDA 4YB 95% 95% 90% 91% 91% 91% 91% 90% 89% 89% 89%
MDA 
*/2%$/
97% 97% 95% 93% 94%  95% 93%  92% 98%
/2*,7<% 87% 88%  85%  85% 83% 85% 82% 80% 78%
/2*,7<% 70%  57% 54% 51% 51% 45% 43%  37% 38%
/2*,7<% 84% 74%     55% 57% 53% 49% 54%
/2*,7<% 88%  75% 72% 74% 70%  71%   
/2*,7
*/2%$/
 48% 51% 51% 53% 51% 52% 51% 47% 48% 50%
Data (average 
in No.)
113 119 297 295 273   215 195 173 122
Failed 
(average)
88% 84% 80% 78% 79% 79% 77% 77% 75% 73% 74%
Solvent 
(average)
12%  20% 22% 21% 21% 23% 23% 25% 27% 
DEA as a business failure prediction tool. Application to the case of galician SMEs
79Contaduría y Administración 59 (2), abril-junio 2014: 65-96
Previously to the estimation of models, we have performed a factor analysis aimed 
at reducing the variables to a small number of synthetic and homogenous regres-
sors. We perform the estimation for each of the time horizons, between one and 
four years before the failure event. In all cases we have excluded the factors whose 
eigenvalue was lower than one.
,QWKHIRXUKRUL]RQVWKHIRXUYDULDEOHVZLWKPRUHZHLJKWDUHUHODWHGWRSURÀWDELOLW\
and liquidity (which is measured as FDVKÁRZ, indebtedness and solvency; the 
composition of the factors is similar with the exception of the year 4 before the fai-
OXUH\E7KHVHUHVXOWVFRQÀUPWKHUHODWLRQVKLSEHWZHHQWKHUDWLRVRISURÀWDELOLW\
DQGRSHUDWLQJFDVKÁRZ*RPERODDQG.HW]3LQD
Table 6
LOGIT, MDA, MRL Contrast s/107 healthy companies (2010 BD3a)
7KHSUHGLFWLRQFDSDFLW\RIWKH0'$DQG/2*,7DGMXVWPHQWVRQWKHKHDOWK\FRP-
SDQLHVVKRXOGEHXQGHUVWRRGIURPWZRGLIIHUHQWSHUVSHFWLYHV2QRQHKDQGWKH\
lack quality when it comes to rank healthy companies as non-failed in comparison 
WRWKHLUEHWWHUSHUIRUPDQFHZKHQFRQWUDVWLQJIDLOHGFRPSDQLHV2QWKHRWKHUWKH
FRQWUDVWRIWKHÀQDQFLDOVWDWHPHQWVUHYHDOVWKDWKHDOWK\FRPSDQLHVKDYHRUPD\
KDYHLQWKHIXWXUHFHUWDLQLPSHUIHFWLRQV2QHRIWKHÀUVWFRQFOXVLRQVUHIHUUHGWRWKH
dismissal of MRL (Linear Regression) models on the basis of their poor prediction 
capacity.
Forecasts for 
healthy s/(H, F)
1yb 2yb 3yb 4yb 5yb 6yb 7yb 8yb 9yb 10yb 11yb
MDA 1 YB 39.3% 37.4% 43.9% 43.9% 44.9% 47.7% 45.8% 43.9%  53.3% 48.1%
MDA 2 YB 43.9%  40.2%  41.1% 39.3% 42.1% 38.3% 38.3% 42.9% 43.3%
MDA 3 YB 9.3% 11.2% 8.4%  8.4% 9.3% 8.4% 10.3% 7.5%  
MDA 4 YB 42.1%  35.5% 24.3% 29.9% 31.8% 35.5%    
0'$*/2%$/ 32.7%  28.0% 23.4% 28.0% 27.1% 25.2% 24.3% 24.3% 21.9% 21.2%
/2*,7<%   18.7% 18.7% 21.5% 27.1% 22.4% 23.4% 27.1%  28.8%
/2*,7<% 73.8% 81.3% 87.9%  92.5% 88.8% 89.7% 90.7% 89.7% 90.5% 91.3%
/2*,7<% 83.2% 81.3% 83.2%  89.7% 89.7%   82.2% 85.7% 
LOGIT 4 YB 68.2% 71.0% 80.4% 80.4% 82.2% 83.2% 79.4% 76.6% 72.9% 77.1% 82.7%
LOGIT GLOBAL 75.7% 77.6% 77.6% 77.6% 82.2% 81.3% 77.6% 80.4% 76.6% 74.3% 76.9%
MRL 1 YB 3.7% 2.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
MRL 2 YB 14.0% 12.1% 1.9% 3.7% 2.8% 1.9% 1.9% 0.9% 1.9% 1.9% 2.9%
MRL 3 YB 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
MRL 4 YB 20.6% 20.6% 2.8% 5.6% 3.7% 3.7% 3.7% 3.7% 5.6% 3.8% 3.8%
MRL GLOBAL 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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Contrast with DEA model
With the aim of unifying criteria, we have taken the ratios shown below on the 
EDVLVRIWKHÀQDQFLDODFFRXQWLQJLQIRUPDWLRQDYDLODEOHIURPWKHfailed and 107 
healthy companies:9
Outputs
 It shows the level of indebtedness with respect to the total 
assets. The higher this value is, the more externally dependent the company will 
be and, consequently, will restrict its room for manoeuvre. It explains the risk of 
insolvency (business failure). 
  It shows the need for immediate cover; possibility of 
default on its short-term liabilities. The higher its value is, the lower the liquidity 
will be and the higher the risk of insolvency.
Inputs
5DWLRH[SODLQLQJWKHDVVHWFDSDFLW\WRJHQHUDWHLQFRPH52$
 ,WUHYHDOVKRZHIÀFLHQWWKHFRPSDQ\LVFRQFHUQLQJWKHXVHRI
its own resources to generate liquidity (cash).
 ,WUHYHDOVKRZHIÀFLHQWWKHFRPSDQ\LVFRQFHUQLQJWKHXVHRI
LWVRZQUHVRXUFHVWRJHQHUDWHSURÀWEHIRUHLQWHUHVWDQGWD[LHLWLVWKHFDSDFLW\WR
JHQHUDWHSURÀWE\WKHDVVHWLUUHVSHFWLYHO\RIKRZLWKDVEHHQIXQGHG
 ,WUHYHDOVWKHFDSDFLW\WRSURÀWEHIRUHLQWHUHVWDQGWD[
in order to cover debt and operating costs on EBIT.
9Premachandra et alFLWLQJ$OWPDQ
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 It reveals the added value ratio earned by the sharehold-
ers, although we should use the market value, but SMEs are not usually quoted on 
the stock exchange; hence this substitution in the denominator.
 Warehouse, Debtors, Treasury and other short-term liabili-
ties, i.e. Current Assets. The higher the ratio is the higher the liquidity will be and, 
therefore, the greater the capacity to meet short-term obligations will be too.
 It shows that long-term resources are funding short-
term liabilities. The circulating capital is the difference between current assets and 
liabilities. The higher it is, the better. However, an “excessive” value would be a 
VLJQRILGOHUHVRXUFHV,QDGGLWLRQZHFRXOGÀQG´IDOVHQHJDWLYHVµDVXQGHUFHUWDLQ
ÀQDQFLDOVWUXFWXUHVWKHDYHUDJHPDWXULW\RIWKHVXSSOLHUV·FUHGLWVLVKLJKHUWKDQWKH
average maturity of the debtors’ credits, i.e. a negative circulating capital. But let’s 
take the ratio in a strictly protective sense to cover short-term liabilities, therefore, 
it should always be positive (CC=FM=Ac-Pc>0).
Without entering into the debate about the choice of the above ratios, we have 
PDGHWKH0'$DQG/2*,7DGMXVWPHQWVRQRXURULJLQDOVDPSOHVLQWKHODVWÀYH
years, achieving the following results:
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Table 7
LOGIT, MDA Prediction
While they are still good adjustments, the quality of the adjustment is questiona-
EOHWRVD\WKHOHDVWJLYHQWKHOLWWOHVLJQLÀFDQFHRIVRPHRIWKHUDWLRVXVHGLQWKH
mentioned articles. 
DEA model
'($DLPVWRGHWHUPLQHWKHK\SHUSODQHVGHÀQLQJDFORVHGVXUIDFHRU3DUHWRIURQ-
WLHU7KRVHXQLWV FRPSDQLHV'08V ORFDWHGRQ WKHERUGHUZLOOEHHIÀFLHQW DV
DOOWKHRWKHUVZLOOEHLQHIÀFLHQW7KH'($PRGHO10 will include the variable c
k
, to 
allow variable returns models.
/2*,7 MDA
Fail Variables Type
&ODVVLÀHG
correctly
Fail Variables Type
&ODVVLÀHG
correctly
Year 
0
All
H 75.70%
Year 0
All
H 
F  F 92.20%
([FOXGHG2,
H  Excluded (I1, I2, 
,,,
H 42.10%
F 94.90% F 91.90%
Year 
-1
All
H 
Year -1
All
H 78.50%
F  F 81.00%
([FOXGHG2
I3, I4)
H  Excluded (I1, I3, 
I4, I5)
H 
F 93.90% F 80.30%
Year 
-2
All
H 
Year -2
All
H 85.00%
F 92.40% F 57.00%
Excluded (I4)
H  Excluded (I2, 
I3, I4)
H 84.10%
F 92.40% F 81.10%
Year 
-3
All
H 50.50%
Year -3
All
H 80.40%
F 90.50% F 79.40%
Excluded (I1, I2, 
I3, I4, I5)
H 51.40% Excluded (I1, I2, 
I3, I4, I5)
H 83.20%
F 91.20% F 79.40%
Year 
-4
All
H 
Year -4
All
H 
F 93.90% F 89.30%
([FOXGHG2
I3, I4)
H 70.10% ([FOXGHG2,
,,,,
H 
F 94.70% F 90.40%
10Adler et al. (2002).
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Equation 1'($IRUHIÀFLHQWIURQWLHU
 
Based on the linear programming system, we have determined the set of hyper-
SODQHV GHÀQLQJ WKH HIÀFLHQW DQG LQHIÀFLHQW IURQWLHUV:HPXVW SXW IRUZDUG RQH
FULWLFLVPDV WKHGHWHUPLQDWLRQRI WKHHIÀFLHQWIURQWLHURIIHUVVFRSHIRUDUELWUDUL-
ness. It is based on the average value of the ratios, the best adjustment, and the 
best regression. In our case, we took the average values of the ratios for each year 
(Healthy and Failed). Therefore, this is a “relative” frontier, not absolute. Thus, 
ZHKDYHGHWHUPLQHGERWKHIÀFLHQWDQGLQHIÀFLHQWIURQWLHUVIRUHDFKRIWKHODVWIRXU
\HDUV2QWKHEDVLVRIWKHDERYHDSSURDFKZHKDYHGHWHUPLQHGERWKWKHHIÀFLHQW
DQGLQHIÀFLHQWXQLWVGHSHQGLQJRQWKHSDUWLFXODUFDVH,QWKHFDVHRIWZRYDULDEOHV
the frontiers could be displayed as follows below:
Figure 1
(IÀFLHQWDQGLQHIÀFLHQWIURQWLHUV
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6LQFHZHKDYHEHHQDEOHWRGHWHUPLQHWKHVHWRI'08VGHÀQLQJWKHHIÀFLHQF\IURQ-
WLHUVWKHOLNHOLKRRGRIÀQDQFLDOIDLOXUHRUQRQIDLOXUHZHFDQDGGDFRPSOHPHQWDU\
DSSURDFKLQRUGHUWRGHWHUPLQHZKHWKHUDQ\'08DQDO\VHGLVRUQRWHIÀFLHQW
Equation 2: additive DEA
 
 
 
The above determined frontiers11 provide the parameters for a hyperplane or ma-
trix of inputs (X) and outputs (Y), which will be formed by the values of the varia-
EOHVUDWLRVWKDWPDNHXSWKHVHWRIHIÀFLHQWFRPSDQLHVDQGWKDWLVORFDWHGRQWKLV
K\SRWKHWLFDOO\HIÀFLHQWOLQHK\SHUSODQH12
 X will be a matrix of kxn inputs and Y, a matrix of mxn outputs, with n being 
the number of DMUs making up the frontier, including their respective k 
inputs, m outputs, 
 e is an unit vector, 
 x
0
 , y
0
 : column vectors showing the inputs and outputs of the DMU subject 
WRFODVVLÀFDWLRQ
 s-  s+ : vectors showing the slacks of the matrix of inputs and outputs in the 
'08DQDO\VHGLQGLFDWLQJWKHUHODWLYHHIÀFLHQF\WKHORZHUWKHREMHFWLYH
function is the better the position of DMU will be with respect to the 
IURQWLHUHIÀFLHQWLQHIÀFLHQW
x O will be the vector determining the intensity of development in the analysed 
XQLWZLWKUHVSHFWWRWKHHIÀFLHQWRULQHIÀFLHQWZKHUHDSSURSULDWHIURQWLHU
6LQFHZHKDYHEHHQDEOHWRGHWHUPLQHWKHHIÀFLHQWLQHIÀFLHQWK\SHUSODQHWKHQH[W
step will be to determine whether an analysed unit is or not on the frontier. This 
will allow us to determine the stress levels in a particular unit with respect to the 
11Equation 1.
126LPLODUO\ZHZLOOEHDEOHWRDSSO\WKHVDPHDSSURDFKRQO\LQYHUVHO\WRWKHFDVHRILQHIÀFLHQWFRPSDQLHV
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K\SRWKHWLFDOO\HIÀFLHQWLQHIÀFLHQWRQHV7KLVLVDPRUHFRPSOH[DQGWHGLRXVWDVN
as we will have to develop each and every analysed unit in order to place it in re-
ODWLRQWRWKHHIÀFLHQWRULQHIÀFLHQWIURQWLHU
This is the second step, the development of the approach shown in equation 2. 
%DVHGRQDJLYHQHIÀFLHQWLQHIÀFLHQWIURQWLHUIRUPHGE\WKHPDWUL[HVXO, YO, we 
will analyse a particular company (DMU
0
) represented by its inputs and outputs 
(x
0
,y
0
·7KHUHVXOWZLOOWHOOXVWKHVWDWHRIWKHFRPSDQ\ZLWKUHVSHFWWRWKHHIÀFLHQW
DQGLQHIÀFLHQWIURQWLHUVUHVSHFWLYHO\
,QRXUFDVHEDVHGRQWKHWKUHHGDWDEDVHVGLVFXVVHGDERYHIRXUHIÀFLHQWIURQWLHUV
()DQGRWKHUIRXULQHIÀFLHQWQRQ()RQHVZHUHFUHDWHGLQUHODWLRQWRWKHIRXU
\HDUV DQDO\VHG7KHGDWDEDVHFRQWDLQLQJ +HDOWK\DQG)DLOHGFRPSDQLHV
was randomly sampled, with 402 (failed and non-failed) companies evaluated with 
UHVSHFWWRWKHHIÀFLHQWDQGLQHIÀFLHQWIURQWLHUVDFKLHYLQJWKHIROORZLQJUHVXOWV
Table 8
'($EDVHGFODVVLÀFDWLRQ
We can state that capacity to classify the analysed companies (DMUs) is signi-
ÀFDQWO\KLJK7KHFROXPQ´&ODVVLÀHGFRUUHFWO\µ VKRZV WKDW WKH\DUHQRWRQ WKH
3DUHWRRUHIÀFLHQWIURQWLHUEXWQRWWRRIDUIURPLWWKHUHIRUHZHGRQRWNQRZKRZ
LQHIÀFLHQWWKH\DUH:HFDQQRWIRUJHWWRPHQWLRQWKDWWKHPD[LPXPZHHVWDEOLVKHG
as a measure of comparison is itself “relative,” not an “absolute” measure, althou-
JKZHFDQGHÀQHLWDVD´UHODWLYHPD[LPXPµ7KH´QRIHDVLEOHVROXWLRQµLQGLFDWRU
VKRZVWKHDPRXQWRILQSXWRXWSXWYHFWRUVWREHFRPSDUHGZLWKUHVSHFWWRWKHHIÀ-
cient frontier, which does not have a feasible solution, i.e. it provides a solution but 
fails with model restrictions. 
&ODVVLÀHG
correctly
Erroneously 
FODVVLÀHG
No feasible 
solution 
2QHIÀFLHQW
frontier
Healthy 80.54%  13.45%
Failed   17.32%
2QLQHIÀFLHQW
frontier
Healthy 79.80%  15.53%
Failed  4.83% 12.50%
Pablo de Llano Monelos, Carlos Piñeiro Sánchez y Manuel Rodríguez López
86 Contaduría y Administración 59 (2), abril-junio 2014: 65-96
Figure 2
&ODVVLÀFDWLRQLQUHODWLRQWRHIÀFLHQWLQHIÀFLHQWIURQWLHUV
Conclusions
With this study we have sought to provide evidence showing that the statistical 
PRGHOVFXUUHQWO\XVHGWRLQIHUVLWXDWLRQVRIÀQDQFLDOGLVWUHVVDQGWRIRUHFDVWDSRV-
VLEOHÀQDQFLDOIDLOXUHPLJKWKDYHRYHUHVWLPDWHGWKHIDLOXUHSUREDELOLW\2XUHDUOLHU
VWXGLHVVKRZHGHYLGHQFHVXSSRUWLQJWKHDELOLW\RIWKH0'$DQG/2*,7PRGHOV
WRHIÀFLHQWO\GHWHFWIDLOHGDQGLQVROYHQWFRPSDQLHV7KHVHPRGHOVKDYHQRZEHHQ
applied to a contrasting random sampling exclusively made up of healthy compa-
nies in order to verify the possible existence of systematic biased opinions in the 
forecast. Likewise, the present study provides reasonable evidence about the reli-
ability of the DEA model to forecast business failure. Not exempt from criticism 
or, if preferred, easy –immediate– applicability to the day-to-day practice of risk 
estimation. 
,QVLJKWRIWKHUHVXOWVVKRZQDERYHZHFDQFRQÀUPWKDW'($SURYLGHVIXUWKHUHY-
idence about whether a company is failing, thus, performing at a satisfactory level 
GHVSLWHLWVDUGXRXVPRGHOOLQJ2QDJHQHUDOEDVLVUHVXOWVVKRZWKDWDVLJQLÀFDQW
UDWLRRIWKHFRPSDQLHVWKDWZHDVVXPHDUHIDLOHGFDQFRUUHFWO\EH´FODVVLÀHGµDV
failedE\WKH0'$/2*,7DQG'($PRGHOV%XWDOWKRXJK'($´ZRUNVµLWVWLOO
KDVVLJQLÀFDQWLQFRQYHQLHQFHVDORQJZLWKHYLGHQWEHQHÀWV. 
$PRQJWKH´EHQHÀWVµZHFDQKLJKOLJKW
 DEA can be modelled for multiple inputs and outputs
 DEA does not require functional links between inputs and outputs
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 In DEA the Decision-Making Units (DMUs) can be compared against a 
peer or combination of peers
 In DEA, inputs and outputs can have a different measurement, for example, 
LQYHVWPHQWRQ5	'DJDLQVWHIÀFLHQF\DQGHIIHFWLYHQHVVRIWKHSURGXFWLRQ
system in terms of redundant processes found and removed
 Regarding the “inconveniences,” we should bear in mind that:
 DEA cannot eliminate the extremely technical noise, even the symmetrical 
QRLVHZLWK]HURPHDQWKDWFDXVHVVLJQLÀFDQWHVWLPDWLRQHUURUV
 '($ LV JRRG DW HVWLPDWLQJ WKH UHODWLYH HIÀFLHQF\RI D'HFLVLRQ0DNLQJ
8QLW'08EXWLWFRQYHUJHVYHU\VORZO\WRDEVROXWHHIÀFLHQF\,QRWKHU
words, it can tell you how well you are doing compared to your peers but 
not compared to a theoretical maximum. 
 6LQFH'($LVDQRQSDUDPHWULFWHFKQLTXHVWDWLVWLFDOK\SRWKHVHVDUHGLIÀFXOW
and also the main focus of a lot of research 
 7KHUHLVDVLJQLÀFDQWFRPSXWLQJSUREOHPDVDVWDQGDUGIRUPXODWLRQRI'($
creates a separate linear program for each DMU
We must remember that, essentially, DEA is based on a comparison exercise be-
WZHHQSHHUVWKDWKDVEHHQH[WUDSRODWHGWRD´KLHUDUFKLFDOµLVVXHDSSOLHGWRÀQDQFLDO
environments with business failure risk: “healthy” / “failed.”
Perhaps the most complex issue regarding its applicability roots  is the fact that 
the set of articles we have been discussing are not truly academic or exclusively 
DFDGHPLF,QDIHZFDVHVWKH\DUHHYHQGHWDFKHGIURPDVLJQLÀFDQWSUDFWLFDOUHDOLW\
2FFDVLRQDOO\ LWVPDWKHPDWLFDODQGFU\SWLF OHYHOVPDNH LWGLIÀFXOW WR LPSOHPHQW
LQHYHU\GD\OLIHRIÀQDQFLDOPDQDJHPHQWZKRDUHDLPLQJWRGHWHUPLQHWKHULVN
exposure. 
In addition to the great advantages of the ratios (we can visualise immediately the 
correct or incorrect position of our company structure; compare our company to 
the relevant industry, the position of other companies at the same time as our com-
pany’s life cycle) there are also limitations that need to be borne in mind:
 Dispersion of the data used to obtain the reference values. The publication of 
reference average values is usually obtained from the average values of the 
sectorial information, which normally lacks additional information about the 
degree of dispersion of the sample data. This makes it impossible to compare 
our sample with the reference values.
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 The existing correlation between the variables forming a ratio. Something that 
is not implicit in the ratio concept but that subsists as an element that distorts 
its values and their development (i.e. its usefulness) is the potential correlation 
between the variables related by a ratio. This problem is aggravated with clo-
sely related ratios, invalidating its reading temporarily either for being depen-
dant or for a high degree of correlation. In the present case:
 Clearly-related TDTA and CLTA inputs; Total Debt, Current Debt, 
both types of debt with respect to the Total Assets (net assets) 
 NITA, CFTA, EBTA, EBFE outputs containing elements related; 
Net income, Cash Flow, EBIT. Sometimes dependent, as in EBTA, 
where the numerator BAIT and the denominator Financial Expenses 
are part of the EBIT.
 The reference Values or standards: we have to take into account that ratios are 
control tools (objective against result), while any reference value should be 
established depending on the company, the sector of activity and the moment 
in the company’s life cycle. The evolution of the ratio and the corrective 
measures against deviations should take priority in the analysis. 
Furthermore, we have corroborated the existence of systematic biased opinions 
VXSSRUWLQJ WKH VLWXDWLRQV RI LQVROYHQF\PRGHOV SHUIRUPPRUH HIÀFLHQWO\ZKHQ
their aim is to identify potentially failed companies and they commit more er-
rors on average when they are used to evaluate solvent companies. This tendency 
seems to be more pronounced in the discriminant models, perhaps because they 
impose a discretional treatment to a particular reality –the state of insolvency– that 
LVGLIIXVHDQGOLDEOHWRTXDOLÀFDWLRQV,QRXURSLQLRQORJLWPRGHOVDUHPRUHUHOLDEOH
to grasp the different realities that coexist in the generic concept of solvency. That 
LVZK\WKH\DOVRSHUIRUPUHODWLYHO\ZHOOEHWZHHQÀQDQFLDOO\KHDOWK\FRPSDQLHV
,WVHHPVUHDVRQDEOHWRFRQFOXGHWKDW'($EDVHGRQ/2*,70'$DQG/2*,7
models should not be interpreted as mutually exclusive alternatives, but as com-
SOHPHQWDU\PHWKRGVWKDWLPSOHPHQWHGLQFRQMXQFWLRQFDQKHOSÀOOWKHLUUHVSHFWLYH
gaps.
Finally, it seems necessary to enrich the factors used as forecast variables. The 
ratios proved to be an excellent tool, nevertheless, the relevance of the models can 
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improve with the help of complementary information that may corroborate –and 
what it seems more important to us, qualify– the forecast. In this sense, the infor-
mation provided by the audit report13 seems to have a special informational content 
through indirect indicators such as the auditor turnover rate, the average duration 
RIWKHLUFRQWUDFWVDQGWKHSURSRUWLRQRITXDOLÀHGUHSRUWV
We must look back at the concept of “management responsibility” in the failure 
process. A recent study14 states that “two out of three Spanish senior executives 
do not match up to the requirements of their responsibilities,” and also notes that 
“RQO\RIPLGGOHPDQDJHUVWKLQNWKDWVHQLRUH[HFXWLYHVDUHTXDOLÀHGWRPDNH
sensible decisions.” When the economic situation is buoyant, it is reasonable to 
believe that errors, the lack of leadership, the delay in the taking of decisions are 
easily covered by the surplus generated by the system. But what happens when the 
V\VWHPVKULQNV"7KHJRRGWLPHVKDYHKLGGHQWKHORZSURÀOHVRIWKHGLUHFWRUV7KH
recession or contraction periods reveal inability to make decisions. This is not a 
QHZLGHDEXWWKHYHULÀFDWLRQRIWKH´3HWHU3ULQFLSOHµLHWKHYHULÀFDWLRQRIKRZ
important the human capital is in this process. The concept of a company as a sys-
tem allows us to adopt an analytical approach to identify problems, i.e. the way all 
the company decisions are related to each other. Formally considered, a company 
LV GHÀQHG LQ%XVLQHVV(FRQRPLFV DV DQ RUJDQLVDWLRQ D FRPSOH[ WDUJHWGULYHQ
socio-technical system that also has an authority structure, a system to allocate 
responsibilities and a control mechanism. In the last few years we have seen many 
examples of an irresponsible lack of control by companies and public authorities 
that has resulted in the recent crises. There is no need to legislate more, just exer-
cise more control; by comparing objective to result, determining the variances 
that have occurred, implementing corrective actions. Simple models are the most 
HIÀFLHQWSULQFLSOHRISDUVLPRQ\
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